Transcriptional regulators of ribosomal biogenesis are increased in the unloaded heart.
Mechanical unloading of the rat heart increases both protein synthesis and protein degradation. The transcriptional mechanism underlying increased protein synthesis during atrophic remodeling is not known. The aim of this study was to identify transcriptional regulators and the gene expression profile regulating protein synthesis in the unloaded rat heart and in the unloaded failing human heart. We measured DNA binding activity, transcript levels, and protein expression of transcriptional regulators of protein synthesis in a model of atrophic remodeling induced by heterotopic transplantation of the rat heart (duration 1 and 7 days). Using microarray analysis and quantitative RT-polymerase chain reaction, we found an increase in c-myc-regulated gene expression including an induction of ribosomal subunit messenger RNA's (RPS 10, RPL 21) and rRNA (18S). Consistent with the gene expression profile, DNA binding activity of c-myc and the nuclear protein concentration of its coactivator, upstream binding factor (UBF), increased in the atrophied heart whereas protein levels of the c-myc inhibitor MAD1 decreased. We found the same increase of ribosomal subunit messenger RNA and rRNA in 21 paired samples of failing human hearts obtained before and after left ventricular assist device treatment (mean duration: 157+/-31 days). In summary, mechanical unloading increases c-myc activity and c-myc-regulated gene expression in the rat heart. Changes in transcript levels of genes regulating ribosomal biogenesis in the unloaded rat heart resemble those found in the unloaded failing human heart. We concluded c-myc and c-myc-regulated gene expression are transcriptional regulators of protein synthesis during atrophic remodeling of the heart.